The radial distribution function g(r) of a sticky-hard-sphere fiuid is obtained by assuming a rational-function form for a function related to the Laplace transform of rg(r), compatible with the conditions of finite y(r) = g(r)e~i"l~" s at contact point and finite isothermal compressibility. In a recent paper [S. Bravo Yuste and A. Santos 
I. INTRODUCTION 
II. STICKY HARD SPHERES
In 1968, Baxter [1] introduced the sticky-hard-sphere fluid. In it, the molecules interact through a square-well potential of infinite depth and vanishing width. This model is interesting not only because it is exactly solvable in the Percus-Yevick (PY) approximation [1] , but also because it is appropiate for describing structural properties of colloids, micelles, and microemulsions [2] .
In a recent paper [3] , we derived analytic expressions for the radial distribution functions (RDF) of sticky hard rods and sticky hard spheres. In both cases, a function related to the Laplace transform of the RDF is given as the simplest Pade approximant compatible with some basic physical requirements. In the one-dimensional case the ansatz turns out to be exact, while in the threedimensional case the result coincides with that of the PY approximation [1] .
The aim of this paper is to extend the method of Ref. [3] by considering the next Pade approximant.
Since two new coefBcients appear, two extra requirements are needed. A similar situation is present in the case of pure hard spheres [4] . In that case, the two coeificients are Axed by requiring the virial and compressibility routes to the equation of state to agree self-consistently with the celebrated Carnahan-Starling (CS) equation of state [4] . Unfortunately, we are not aware of any semiempirical equation of state for sticky hard spheres playing a role similar to that as the CS equation does for pure hard spheres. Consequently, we have chosen to use simulation data [5] to get crude estimates of the energy and the compressibility. The RDF obtained in this way is compared with simulation results [5] and represents a significant improvement over the PY approximation.
The sticky-hard-sphere interaction and some basic definitions and equations are introduced in Sec. II For a general potential p(r), the structure of the fiuid is described by the RDF g(r) [6] or, equivalently, by the auxiliary function y(r) = g(r)ev'(")~"s+. The Fourier transform of h(r) = g(r) -1 is directly related to the structure factor S(q):
1063-651X/93/48(6)/4599(6)/$06. 00 4599 1993 The American Physical Society susceptibility, and u, is the excess internal energy per particle. In the case of sticky hard spheres, Eqs. (2.3) and (2.5) become, respectively, [3] of g(r). It is convenient to introduce a function F(t) by [3, 4] S(q) = 1 + 2 -y(1) up to t4) of the expansion of E(t) in powers of t.
These constraints of the behavior of E(t) for large and small t are easily satisfied if one assumes a rational function form for F(t). The rational function compatible with these constraints [3] containing the least number of parameters is the Pade approximant (2,3): 12')(1+ 2i))
The approximation (3.1) turns out to be equivalent to Baxter's solution of the PY equation [1] . This is why we have labeled the coefficients in Eq. (3.1) 
LPY QpY-vs, '" (3.8) In order to go beyond the above approximation, we consider the Pade approximant (3,4): (4) 
Equations (3.10) -(3.13) and (3.15) are the five conditions that the physical requirements y(1)=finite and y=finite impose on the seven parameters L(') and S(').
While in the case of the approximant (3.1) the number of parameters equals the number of conditions, in the approximant (3.9) we have the freedom to ffx two new conditions. A similar situation arises in the special case of pure hard spheres [4] . In this case, by requiring the virial and compressibility equations of state to agree with the CS equation of state, we rederived the generalized mean spherical approximation (GMSA) [7] . In The three curves cross at y = yp~, g = yp~, and split the plane into six regions. In Region (I) and (IV) Eq. (3.18) has a positive real root and a negative real root; both roots are negative in Regions (II) and (V), while they are complex conjugates in Regions (III) and (VI).
The diagram of Fig. 1 is typical of w ) wp&. In the hard sphere limit (7 -i oo), the locus C = 0 becomes the line X = Xp& = (1 -rl)'/(I + 2rl)
Therefore, the rational function approximation (3.9)
for E(t) requires that the prescribed values for y and y define a point lying in region (I) or (IV Fig. 1 represents the location of the point (y, y) estimated from computer simulation data [5] (see Section IV). [5] . [4] for the GMSA are recovered.
IV. COMPARISON WITH SIMULATION DATA
Despite the singular character of the sticky-hardsphere interaction, Seaton and Glandt [5] [8] Thus we have chosen to take estimates for y and y directly from the simulation data. The value of y is given, using Eq. (2.9), by the value of the 8-function coefflcient of g(r) at r = 1, which is reported in Ref. [5] . In this way, we get y sure reported in Ref. [5] and by using Eq. The corresponding PY values are yp~0 .931 and 9.781. In both states, the empirical point (y, y) lies on region IV (see Fig. 1 ).
At the state (il, r) = (0.2, 0. 2) the PY g(r) agrees well with the simulation results [5] , although the PY value of g (2 ) is slightly higher than that of simulation. The approximation that we propose here gives a much better agreement.
On the other hand, the state (rl, r) = (0.1, 0. 1) is much more interesting, since it is rather close to the critical point. Figure 2 shows the regular part of g(r) as given by the PY approximation, Eq. (3.1), by our approximation, Eq. (3.9), and by the Monte Carlo simulation [5] . We observe that the PY curve difFers significantly from the simulation results. In fact, the PY overestimates the values of y and y by a 14%%uo and a 204%%uo, respectively. This can be qualitatively noted in Fig. 2 The dashed line corresponds to the Pade approximant (2, 3) for F(t) (Percus-Yevick approximation), the solid line corresponds to the Pade approximant (3, 4) for F (t), and the bullets correspond to simulation results of Ref. [5] . 
V. DISCUSSION
In this paper, we have proposed an approximation that yields analytic expressions for the radial distribution function g(r) and the structure factor S(q) of a fluid of sticky hard spheres. The approximation consists of assuming a rational function form for a function E(t) related to the Laplace transform of rg(r).
The conditions of finite susceptibility y and finite y = lim~~+ g(r)e~("l~"a dictate the behaviors of E(t) for small and large t, respectively.
The simplest rational function compatible with those conditions is a Pade approximant (2,3) and the resulting approximation [3] coincides with the exact solution of the Percus-Yevick equation for sticky hard spheres [1] . Here we have been concerned with the next rational function approximation for E(t), namely a Pade approximant (3, 4 It must also be pointed out that neither of the approximations (3.1) and (3.9) reflects the presence of 8-function singularities in g(r) for r ) 1, which are associated with the appearance of rigid structures in the fluid [5, 8] . However, the amplitudes of those singularities are of the order of or smaller than 10 for the cases considered here [5] .
